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Abstract 



New device and method are described for accurate etching and removal of thin layer by controlling the 
surface residence time, thickness and composition of reactant containing film. Etching of silicon 
dioxide at low pressure using a quartz crystal microbaiance is illustrated. Usefulness of the 



invention in the manufacture of microelectronic devices is shown. 
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<6*fEE*«ci'(ctt*|t<cttSLri»4. ^^>^'co 
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[0 0 3 0] *«9I<DJBEfcfta«. SiC«j*x ? 7 > 

±«c jb«e 5 n 4 scfrgj cd^sip. * /c « k«k * wwr S 

J: 9 *cKf?t 3 tir l * 4 c i r* 4. c i tt*WHW{c . 
—EiSlS , C3»Ar4^rtt"Ctt, R<Dffli&fc/5Sfc3liB?K 
+ > ' <BE;fc tx -y- > y tUtST 4 C t ifix * 4 . 

©ft*HJBecj:- 3 rjBc4. 

msLZiEmtcmm-r 4 c £ #r ^ 4 J: -5 ct & -> /c 0 

Sl£ ! BJ^> J Ftcfe/c-3TSSiK^:WJiBT4tc«. LK^ 20 
« £ l£ s* T 4 4 . « T tc Bin cc -T 4 J: 

^cc, ^ 1- >^<osffi±osa8ni^:*iifflis fetter 4 
aaft^c;^QCM) , «R«*it. s/ttt^ufci&K: 

ift-r 4 c t cc^ or . sj£i»jR©»jwaffioiEi«^«Fia 

[0 03 3] LC»»»«-C«*»MO« * fcffi=*££ 

KtS"r4^. *«?«cDflB^cD.sst*«. -e-ft-enaiagjsic; 

[0 0 34] XIBCC. *$69J#«tt % r>txrW^ 

hf^. &«4 i r^far4f^t>occiasas»Dr4<h, * 40 
mmtms 03031 Q^t{t^t<ot^mtmht^^ct 

*H*$StS5 0 3 0 3 1 9^©r£t4{t£*i/cKl£iB! 
^*^^»7 3-&4^xrf5I(Daa*>^cS^C*. « 

tcWiL4©ec+»ttiittcc/j\St» <Sfflr2 ooa* 

fig) Ci^^tt^. *H$f^5 0 3 03 1 9^ 
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U Ii^il4^^cD!iLlji^miJ3nrfc*3, 

[0 03 5] fc, ffi<DSB<^#tt*Srsg 

fctitt, TEOS£»iz:«{t*-fSR<!:S i O, 
* £ <t T 4 * CO ({bCDSI f t«J<DjJJ JB X v * > ^'te . 41 * 

nr. ^jsujiaoffs^if l. x^^>^iijs^^fKco 

o r ®m Ity) «fc 0 T E O S <D3f # H F OH WStB 
tt#*#tr><fc&Tt>. ffiflfc*cJ:oTifcS3*i4*t*ff3 

«Sffil<offltc«c4. 17 7{fcr>^ex^A«7 *<tr> 

■tx «5 a J: 9 fefrfc "3 ffi;lr>EE/J"C:t ? y*if O . - 
[0 03 6 ] 

ScSMcD^/a^M^ir 4ct 5 ecuifs n/c^s*jct 

Cf»ffi«:<fc* J 'Cj»3ESii4, *»!8r». S^^OStt^ 
f*© <h T* 4Jl©flES J: 0 fei«c»BS«:ttai OMSBr 4 

"WHS tC5£« 3 tx tcfcfcty £ {%m -T 4 c <h cfc o r 3 

»s«*sars<Dfcs£o. ^u^-a«. < 1 > 

l^«TO»^6«4K*BI. (2) *jJ: 

o'(3) efflH»«^<buj»r4Sjc-c*4. m4<7Du 

[0 0 3 7] glja(OS*3&J<cc»7!paf 0 % 

■T4"r^rcof4 : ? : sjfifflis« % ^juawatcaijgrs 

[0 0 3 8 ] *?HtfflSrtt, JtZmfUCft^X. 7>tx 

ci^pIfig^JIB (06) . 7 ^<fc7k**jJ:cX7K*jBii 
(ceUfr-T4KS (06) , Si crasi/cs^ci 

^ci'coMEEgfm^^^ffl-r4ffiiEx^ ^>yffl»a (0 

4fc^O'05) . *5<fcO'^a*r^O'^<t±s2<D^»r4l^)> 

©SSrS^b^rx ^ ristfm&^fflmir 4 Office 

oi.r^^4 0 ^6cc. ( 1 ) KJfct»©g!8«:<fcoTS 
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't*. h f *$ <t ckt > * x r <qbu s? <* # x a> $ia§ us* ff J 

(0 03 9] *ft9i<Da^ ^^SSWco^-ClftHJT^o 
[004 0] 1 . JKEEiBj4iBjiecttl&r^/ces?)COS6a*J 
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>^t&/c#<d*?£ Loiisa^snrc^., i o, 

*El£* -f >'< 1 3 CCifiiSic® AT *f 1 0 , 11, 
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CDT\ #*<0«Att:&iS-C*>a. *gA<Dfi:f£, ^A^n 

anions an*, -eoiss. sci a \ (D-ikffiiittcmm 

ft£JH <t|u] CWf4^IAS? J hfclSS^:^tf7KMfSS - C 

(tw6tiTt^5. * h ^"»*ta,cm,2 o. HfjBSEE**- 

x£2 9. *-+>'<H2j-*x»3 0. ^f>7^*g*-- 

*3l, ^<J:c>'^^--v^/(SSr^c^'^^JS" : e:^^3 2 
^6C0ff^^*l|«9KB2 1 atc^^na. fH9I%H2 1 
ate. Bfj»g2 2\ 23, 2 4 <D3SWE***fe3ELSH85 

r& 0 HtKS«. H a o*s^sj«;iaoflttsaa3 4, h 

F £ ^OSJ£^Offi#&® 3 5. fc^O'NH^gtfSJt 
»©8tt6»3 6^, ^n-eft?f2 5, 2 6, 2 7 £31 
DtS«?n^) 0 £>£l>t£, BfiSg^HF^/cWNH, 

©f^/dJf t>^'<bt^C<i:^r^^ BfltgtoJ:^' 
* + >7^<DJiE^W:, $U$P£SH2 1 a i^F2 5 V 26. 
27, 10. 11, 12. 2 8 £©«aJKcJ:-3*rBIB3 
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x.-5Ci^r^. 0J-ei!S£E2 1 a«^i->^jajg-b> 

(Dl£l&£iiDTSK£»Iffl»-ra. 0IQP&S2 lali, ^ 
* - 'V"(S® r ^Xfig^ x 2 3 2 CC J: o T ^ ^ - j \ 
i 4teJ:t«&gT/v£>X2 0(OfllSE«:»»L. t — 5? 1 

7 fe &m%mffimx- 3 3 -vcd^^m or sssftijfflir 

£F2 8&ffll,*X^&frfflCXl*2>frlCfcCX: 

10 [0 04 1] 2. NH3^5<fcO'HFC0^A 

5£&!Bj(0«ABS6cKag^>^eciiBC-S>^f2 8*mvci> 
-2>, Stl<D®K*:- KKot,>T»9JT4. f?i»S2 3tc 

ff?»g2 4CCNH J &5fc«T*. 
ftl lfccfcO'l 2^r|3lH$«:^iBiiCCM< 0 Jg|£«9*if- 

1 4, 4cJMjkSrA,CM,2 0, 4dcfc2>'S*Sv^> h 2 1 
±-cmM?2> 0 C<D£%. NH 3 4d<fcCKHFcDE*(i^ 
x-AU CD^fgr <O^M)iE cfc 0 if> < , L/cT&^Tigiag 
I15J)W$ti. x^^->^-r^*JB©Sffl<bcoSl£; 
20 ^2 8«^TC^(Dt\ «tBBi(Da5»lir 

HFfc^c/NHj/rsgFtBSnacconratBBSl 5®S 

EE. ^f>^CC«A3tiSSJS5«!Oa:, *>t>^il 

[0042] ^^^^^U^CC^^TC^CDT', ffi^ 
JECQT^-^xrfccfcCKH F^^^jri ^t,^ ^-7^ 

iBJl-COSRtttfkffi^pIliB^ttO. H F t N H.OhL^ 

[0 04 3] 3. HF/H,0(DzSA 
4>'J lOCDilffc^- KT'(J. SfB«©«AH#CC5P>^ 
^2 8^10tl^ o B?»il2 2tcH a OSS»*?E» 
40 O. BTj8«2 3tCHF*3E«C/. *t^'^l O^O'l 

1 4(Z)^r<DSfir4ao3?.»BEtcP4T"r^*riBt 
< . ^ x - ^ ^iSS^ 0 S C <fc 0 BJC >«M8r H F fcctO'H, 
O^HgAT^ti^C0J:9^. fi«Bt^jS<»(D^«(2. » 

ct^M-ff-r^c i^-c#^ c #2 8*Rii;'cc»ap»i«*. 

50 ^ i- 1 3rtOStt:^^^^ 1 5 <DSC&«5i^!fe-r 
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tt. + 1 3 ccjgA^ ft* h F<Dfi*c J: oriftSc 
rawr. iaira<oHF«:iaflar*cct*sr*-s. 

7TS©tt. ?F2 8*B8C»r^i->^ l 3(D|*3§:#>£8E 

[0 04 4] A . (SEx * yffl©««*s itf^tt 
0®, ^(*fl ! Jtc«H4*$J:OTa5*#JBr*i. t&l^ 10 

[0 0 4 5 ] Kl£ttfft*£«4 0*, ffi? ;;{b7>*:X^ 
At3t«Lt. b-£4 7X't)\\f&LX, Bft&$JfeS« 

£. 5jfrne*teS4 o«. 7A-ft4 1 *jli;rKj£ 

*Jt*. se»»W7^-ft 4 1*>6*S4 8«CMS 

*rtc«io*» (o@^l/3@) fB3!Ltti»J:0tc+ 

»U. BHD«4 6a&>6^*>^4 5ftSt«l-r*Ci«Cj: 

2ft/cg*§4 8 ^/c(iSlmr^c^'^4 9ccfij^-r^>i^ 

«4 8ted:0«fU^4 9»7')>h 5 1 KffcOtt 
t^nro^o SDStt^lKBE-CWSE-r 
te»«4 8 ©aflEtt, ft*«!*WBE*©i#*C*i&Kft« 30 
Set Office ??5 2^ ^5 3*J<fcyf5 4£il£fc& 

;m*. «ffiJi-cSEc;«Bj^igffir^i«tcBio/cfc<Dr«> 

cm*. I^Si It N Hjfc^OT F ^s*, 
jeg*ScDH,0*f*^Ci«:^Urc^. H,Ott^ + > 

x * ^ > # ji i cosrt^ ffi jir & c <t wx * . 40 

MSISIS 5 81*. -fe>-*5 6-C5*-^ttS*Kao. 
^r5 2fc<££>'t-* 5 5T'^O&Jg£$ljpT£ 0 HID^J 
0SS5 8**. B«t^4 9(t-^€-K«U. *fc-te 

Ci**r#S. fitSJRS 0©J»3tt. *>t^59rM 
[0 0 4 6 ] ftSMtfiSrt*. * + >^'4 0lcmt&<DR£> 
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(0 04 7 )^11 

:XtcS i O.Ox^^^yfflOl^^SfcJre^BEfi-^ 
t*. • *'>7'T'tf>fc*>^3ft£^';:3> ■ 

. . ^>^CtK9fW6ft£o X-7 

^.-^3 > • *Mil 5frt>09 5 # CCC}JD^i$n. 17 

Wbr >*~^ A3^6o>ssfta. -3 sx;©^* — ^± 
r#j2 o^BSMit8dii&. 17 7(tr>t^-')A«x7 

-r^K^i^^cD^Ct. SlS5B5©!Bffitc «fc ^> totft 
S®«^2 0 0 0 . COS. jfi#K«c 

itft 3 o ^nfitt s ti , io »pj©;jnf»ffl©«»<D 3 » 

[0 04 8] i2S«. »1 0trl>L9 HJKDeEBE'C. 
iSSifA-r^C ia&sr**. U/cimt, fiEEttltttEK 

[0 0 4 9 ] q»»i»^JgfE;^U^-A(C*5Wl>x ? ^> 



15 

&m w ec ji tin $ ft ft < ft o W£ r -> * - ^ ± tc © # r 
d , x v ^ > yii^ti u — j.\~h*h m$&%> f&m u ^ 

[00 5 0] IE RftWCCJiH 9 cfcO'ia I 0 £#H?. 

T 5 £ . 5R«rKfia»« u V> - A cc 4a t > X &m ft x -j ? > 

4i^tcgf|(*m^ wtr >*x^A:W*j$;*ftri>&. s 

SI 3 4te, fi7. ?<bT>*x^A<D±;frCC&£^fc: 

mi. »«*fl 3 8 if»aiSft4jaKfW»SC^a^^ I" 
1 3 7ftt]?9»Kl 2 1 ai«CJ:r>rtft>ft<b. #>&t> 
(J. (ft**t 1 3 8£Sf£l 3 4CCflMffttac£fc-C# 

mtmm i 3 4 ©BK£U:«c*ifS3 ft a j: ^c^otc^ 

•7^>hl21 OSSP»OiaS«. SSI 34<L^x 
-^1 1 4©i-%6O*E<fc0fcfic»iaSCC|IB*Sft. 
»MS*t 131. 132. 138. tecfcO'WJBPSei! 1 

/cix(l TEOSM<b4»£MMb1&ft±\ flft 
£ 2 « JH<D-H{ -f 3»*Sffi 0 X l > S . t^fS^I 

S^t-Fri*. ^x-^i 14. my vit7>*:~y a 

88134, ft>^113ttr^tfSt*S. 
>'<1 13£gEflU Kffi*>^©^Fl 2 8*(HD, 
HS?F 1 2 5 taUTr* 1 1 0*H<. WbT>*:x 
-) A3^60H F fe<ttf N H , t >^ 1 1 3*36*0 

<, EFj3*x£ l 3 0CC<fc^rtfcfcH3ft£., Rttff* 
tt. ^®4><0ejffiSj£?B5©aEaE<5:a5i«0< , V- 
* . «5 x - / ^ J: ^ + > ' T ^ X 15] G jfiScD 

d < > tr > ^'iiS £ ^ £ C <h # V £ h * + >'*oya=t) 
x~"<DUm.X<D&l&E.t}lTFX'bZ>frg*) . SfB 

«»aiao^-A(D**r** («ToKig^^^A<o 
i i 4CDr<is±<h, -B${b^^3Rrttasft/c7jcsaa: 

(QCM) CD-a®±tc. JSj£«*S«r, 
^■«T©IH 1 5#«*SftS. H.ORfESflE 

e>»m or ^ r >^<l*iaW0«M*A«l4>tC 
A^>tcoftT. ^ * > vsrt fflDEJl ±#? o sts 
E2>£±[y]£o ^tt«OTBflcSftSKoftr, 
ft/cQCM 1 2 0©1fg#*gftIOTt,*< B 1 1 Otecfc 

zctfrftfr^tc* ccoHSiffflnoi. x^^>^^n^ 
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ft^'^b. («-14fb$1±/<:^arfli€:l**T^ 
^Kffil^SI 5 0 3 0 3 1 9 ^<b{J>ri«SlWtc) JgC&^fe^Sl 

«mtcffi7 ^{br>"=exOA^cc^r>b/c^r^s o 
/c<l*3^$ftr. */c»«8lu^-Arsi£;*%«feT* 

KMC. fflU5£**&^0 < -rSoItt1*©*4Wl»Sl&j|aJBI*s 
StS.LCC ffjfije; $ ft ft c » ^ 6 -C* ^ fl ffxm<DM<D- 55{ b ^ 
^S^x -;f>^n/:C <t*QCM 1 2 O^^OOff ^ 
A^nOr^itWMBiSai 2 1 a^WS-rSi. ?rl 1 
0**Br1O. ^ 1 2 8^1^, >^'l l 6(DSF«,3^B3 
10 *STS.. E^-tx^ l 3 0S:flifflU, StE«5K<DBi«P 

^ffJjSS ft 5 *»#tftffl 3 ft ^> 0 ? ^ > ^'l^<D <b' C 
^CC^ft^»^FJBHjS?»Bl*Ji»fiE3 ft/cfei^, 5=- r > 
><<DSMW*H»& OT ^ i- >^WBB©E^«"r <* Cc^P* 
TOftl^o £eat, ^-Ett^Jgc£?|»MOIH«*tcSJC 
t^E^^+»ftB$ «c±» 0/ci^^. *SftJ5)£*^£ 
OfeC<b^QCMCC<t o-C/T^ft^>Bjffgtt^^)-5). ^ x 
I 1 4*^0. ^%H*»^2#-2)/cit>CC. |5] 

&m l 4 oor^*«iRrs».(E»i&»<Djaa«: 100 
20 n cifi < oc jicf & . -=& ^ ^ i 3 o j: xmm z timwgi 

112 1 atC^^>ft^E^ti. st«a*©K»*Ji»r 

^„ E^W4T*r-2><b 4 HfttSTU, WlfflP^K 1 2 1 
attPl^e 1 4 0rtSB«r«i»T4Jfee*rjfef*<Diaa:«:^ 

ia*/c«-eft*t>r^cc±EisfB*-cTtf^. »px»^ 

[0 05 1] ffifaSO<t MC. |Sjaft«(DTEOS*5j:CK 
»tIi$fb^r^3R«:l»5B-r^C<t**r#S. SlS*Sc«1<0 

liDCDtaS^^x.. *Sl>«HF <b NH 4 <Otb*<5iET^ 
CiCCcfcO. Xy^>ySftSZli8ffc4r^JRC0at«r{6lJfflI 
t^Cim^, »«I12 1a(i. M^^{bT> 
^x^ASJS^OiaSSr^JiWT*^*^ 1 ? K 1 3 7 CDS 

m&Mi&t£<DU}K$:TtfZ>Ct< l cj:~>x. *>\,#\2 l 
CC^^X0^^^6ft/c^.x-7^ 1 1 4C0r^g*TCf-5C<b^ 

-10 5 ft -6 ftli O *> 6 «9> ^ SI E CD i & K J: 0 ffi < ffi f # 5 ^ -5 <D 
r, ^ + >^'Wtci|iffl^^lBJR«JBiSSftftli. 
CC. fiftWWS/Xf-ACC^C»Ttt?B"J"4. ?rl 12«rf8 
fWlffllttKl 2 1 a«c«fc^-C/ri 2 7t-WHO-C. ^ 
SI 3 6A>6HF^Sr»AS1*. E^^rx^ 1 3 0CC 

J: o rmfloii*±»^*ai3 ft^^ re cd^'x^a* 

gfctf-SCtfcJ: 0. HF iNH 3 Otb*l*rc <h*sr# 

^> c HFii. 17 •>{br>- : ex^Zv . -bju*>6SE«i«:iK 

[0 0 5 2] 8t8t7 ^ fbT>^:X^ ACD«;0 iCflfeOS 
50 K%3B»{WS««:fl6fflr«C<t<>r**. 
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Knur -r m-e&m u /c^sast ^G*^*^tf>£ c t « 

[0 05 3 ] fcix.tt ^©Sgy^rATU, /f 1 

<h£. *>*^'> Kl 3 7. 1 3 4 . y^7 r )Kl3 

9, + 1 1.6*. 14CDrSScfc 10 

l 3 4 *}jpjftur , EE**±cfr«*iEE*u:R 

: + >'<rtfcj:cwi 2 8^a«imcci«ti*. #f 1 

2 8 *SJ D fi C <hrt*r* fi ^rA, J /cttWOftl* 
QCMtt»tcRir*KBMcJ:r>-C. $J&->*xA*iBM 
Ct$jHET£c<t#T'£. ^^HSl35%Bt(Deffl*ifiW 20 

[0 05 4] B13tt, *«9ia>ltttfll"C35«±«c»aE 
lT4lfttoJ:c«B*«r. 
[0 0 5 5 ] ffilSMffiJi^f-A 



nn 



abCC. "J*— y\*-4 0«cl*0 1 0 0TO©it?*ao 

tnj»-rs««tt*ffi*««'r^#T*a.- hi o«\ * 

-MC»iSAP*«it. *HWCCJ:0?fSia<OR«3«*flliLa 
C £ J; T , J: 0 «f»©>m«^SJE»^^ £ JSIttT 
secure, l»e*«ft*3E*U/cH^IE«*fltfflr 

aft?^*^ 0 r o a . seGiHjffiuc a2o(7)7x- xa* 

*5. Si7x-Xtli. -Jx-A^iooUOfi 
<> Kffc^BOSJS^Igca. J2 7*-Xm 

0 0'C2<ecMS3ft. ^/SttHWBfcfeS*-! 
£ e iaKMSBif-^^u-* 1 5 0fr6<Difi{*t* % 40 

£ 0 ?F1 5 2*MO£<t. »{** J *F 1 5 1 *jloT. ft 
IHH-C* 1 5 5 CCi^Af a o rt»J|S!to>fi 1 5 5 V * 
~j\ 1 1 4 (DSffltt Jfi<D, -5*-^ ■ ^> h 1 2 1 <D 

rtffjjtcift(t*ie*&ra. ^Eno^ifijccflfcti. *t 

fllH'G* 1 4 OCcMa. ^t>^Oitl57t 
ili&U fflSWiai-^- 1 5 Oi-CBSa. CCD? 
x-Xtli. t--^4i*«tt8t*«ajli / fei>or)-c % frjgp 



1*H 3 F6-2 24 1 5 3 

IS 

1 1 4 <d&&* 1 0 0 -cis < tc±tf , cntswt 1 5 

8t'Ett-f-5je*Ai*5. frlSPSill 2U^15 1 
*RHD, # 1 5 2*BH<<Dr. ifitttt. «0*F1 5 3* 
jfijaur*^. -f>^-f> • t-* 1 5 4*jl&L&tt 
ntftc6*C<tt*. ».a*H56«:ffifflLt. fc-Srl 
5 4a>6mS«(*OgK*E«r4. ^JSJ^Sl 2 1 a 

tt-r >^-f > • t-*i5 4ccEnfin^nam^*ii5iis 
u *at»tteo#i 5 3*iiaaui*iai8-r*. ceo 
sag**. jft«*-t j 5 6ccj:o-rawssnaaK^ 1 o o 
•cat < ec & a * n*w e>n £ Q 

[0 0 5 6] SSBS^j:.^ 

*«qar». 2 **«Wr*. — ^<DW.!ffl 

*ca*^K#LrSltBW:AaM*«taraci:^r# 

A,*s»* tBRfii^it^aaflCCfft^Ta^b'- 

iiia-ra^t'-A. */c«Ha»«Tit*flEfflUT. ^ 

[0 05 7] Ctl60*-^«. S^j:ff;tx^>^ 
<fcO'HFrS i 0,*x^^>y-ra<b^ t 

fAtii sffl<Dra*s*^s-raci^-c*. mm<D%£ 
saucQCMit s i o l 0n£*teur&c£**? 

[0 0 5 8 ] W«UTa*BCCAaRCD^^W, ^ + > 

^ <^ c t^hc ^ g tj: m sis b r 1 > # 0 9 a> * 

[0059] aar ^o'^cDfl6ffl 
KUatorsesssna. »*^a^*«x/c?£jfig 

{b5 VK«^6flt^*»ac «iffj»±©»KS(g^tt. 
[0 06 0] 07tt. HF^iNH,*7©St» 



(11) t$08 ¥6 - 2 2 4 1 5 3 

19 20 

IMMlEtt, *7JU^f-i-^;u • 7^7tWj:< . £6CCIE i£&mm*£ttmmmcm?Z>M i 1 leriB 

6tl^^-7'>SSfLli®!)^*^>^rif 9„ QCMmm o 1 e f 0^fi^^1i^'-^H >^r^CC^' 0 

Sitt*Si* . ffitJ? 1 0 #CD 2-3 If ^ '7 jmBTCSJE L * ( » 1 ] 

T=(N e d a /d, f { ){(l/7TZ)tan- , (Z t a n [tc ( f fl - f e )/ f « ])} 

[0 0 6 2 ] Jl5S;T\ N.fcMcJtCtt ] . 6 6 8 x 1. 0 —1Mb* 4 &<Ofc&ifiEBtfSl<Dam* /ctt©»<7)f£6C?7 

,J Hz-A. d.ttE^DffiBL dr««#BI©2BS % f 10 bft*<bl>5HS«cJ«"* 2o©i#!H#nrffeT** iiS 

3»Mtttt. z6J7kn B n<bf^Mc01tS'r>t:*-y>^cD l£3ft©i*fl[*s, *«S«5«lJ:0 tffl«fc*"f 41^ fcCD 

tbr**. *S±<DBtt£<t LT 5 ft/c^ i O TNb*. »iPQCM±refflL/3rcT> J fc^TfcJ:a f H F 

t t£<DX\ S; ( i ) r«. ^gfi^ f Jn>(DZfifil . 0 7 WfiSWft 2 6 *JU/ 1 TftO, CftCC*tU 

<fca5Kfii2. 2 g/c m'tfcmvz,, m^mttctitz tcQcmc%tcZMWJxfcty<D?7v2Aotwm^)vm 

&l tt&l>m&. {) rtOStt (fg-f c)/fgi EWfi 1 O-^-til// I SiffitH-CttgttBJ: 0 

^*SBJf5©*p B 1<D2. 0 8 g/cm 3 £ ffi£<£ffi*r %!»*tt(C^{b^*. fiS©iBK*^©j6J««, 7k. 

£„ S i O a tt«jeSOlft»^|Rtt. S iO 2 -Ctt0. 5 T>*r~T, HF^<*f7K3R*S^tf5?Sigr*^ 0 fct? 

6 5 A/Hz, !7Wt7>^^m 0. 83A fr*>, ffitt*3Rfe-&*W * ><Daf&T'Seft£^x~C . i§ 

/Hz. 7;l/tD^-f87>^'5 A-CiiO. 6 JJOOS^b&ffifflrr H F £7KK*gferr £ 

OA/Hzr^S. 2r{b*5R^3f->HF,-^HJaE3ti*. HF 

[0 06 3] SJ£0»SSl£iao^*fc«iR«3&5^fi rt*. S i O^t^LT H F O&j 5 *S<OJSJ£14«:W^ 

ttC^^ifiE 7>t--7<!:HF^SSl 

WOTSraaaSrilsISi, £fl^«tt»liSS*itt< * [0 0 6 6 ] »«H#»o«ffl«:J:*x?F ^>y<OWJ» 

w^o^tc»^sjSB#ra©raaffi.h*ciR*sn h f *stfJSffi*fc«^'^x-7«pmK{b^ -rjR^Sfc* 

CDLA^iCi^nn^. ao ifcfc£^xfcj&2titc£&m&> ^^r>m^cj:^xm 

[006 4] 07oieaft»tcisrQCMSg.ibSi<o«^ «?*/c«i»*-rs<i:. si£;tt*iwi9r&±r-©tt^flE«9 

A/^iMt^Ci^-C^T,. SiO.SliQCM jSCBtt€-»JtSP-r-5^ffi«, H F i Ofi»Rcf3 

^ . 18. 3 "C "C 6 #BS] * /c(i 1 0 0 "CX 2 0 »M CO X<DHF £ ~mit^r A ^CDSlf^KD^CC 4> T? ^ 

^lHz*iS^/di3Hz*itA^ cn«. §lffi_b [0 0 6 7 ] Rffl±tc^SJB5©@{*li^ff5fiS3n2><*: 
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[0 06 8 ] 2kffi±<tCfrfcm&<Dmi>m&? ^i. S i 
<D/l?^i#r«:onr. HF<LS i 0,©SJ£<DiSKa< 
ti, Kft«J*ffi(DJSt£14J:«3fe. HFJMR[S»*JB«ti* 10 

tt»r*HW©ii8*«cj:^'c**<«aisn&. hi 2 

© x -7 * > y ft tt« b tc h <OV & & . JSflSlffl r tt»H8 f b 

p^o^teos mtifa<oiitt& < sjsr * t <t #hj§ ^ 

@W©St£t4tCi:or»iJSP3n2>^6r*S. »J7 OA 

saa<os{ta^H«^K^:wxy5 i >^rsi®«:. a 20 

[0 06 9 ] ^^CDffi^^SlSilS^^JPMT^OtC^ 

©SASKO*M$£3nttl>C<hr**. 
[0 0 7 0 U4UIJ, ~»{fc*--Y3RilffiJ:9±fc:4>£ 30 
^CDH<hNH J (Di:b^^^x.^CihCCcfcO. x^^> 

p&o/i^e. wtr^xOA (hf:nh 3 = 

[ 0 0 7 1 ]B1 tC^L/c«S(DT>y* * F**'hPR 40 
[0 0 7 2 ] &JZm&m<Dffik 

K< fc ^ » <h ©5CB« . *?S?R^ TOJSJC i ftir l » £ . 
fte*)^. Si0 1 + 4HF = SiF, + 2H J Ota5 
£ 0 l^L. S iF.ii. jgffiCcaUJSti^O-CWtt 

87>^^^A (NHj , S i F t ^Mt^ *s=MJ" 50 
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7iHF <Z>«3 Sfl 1 A<DB©5 ^84 AtDSJCCCtH^r 

«?*f=tifi©«/NSlb»[«. 8 7 0 0 

AonjjH»ecfflsr*. i o ox:«cjiiD<»r*i. A-isn 

[0 0 7 3] KJ££ffift0&?-«:&& ^ U => >©»J»» 
X^^hJl/*i8(C^t. S14 7, 8 5. 3 3, 4 
8. 8 6, 49, fc<fcO'8 7CCfctt^f-^OB#Bnte7? 

1±# [el c r* & £ c <h « . RiSW * m 6 ©JKttrt* in] b$ cc 

ec^C <h^:inO-C4d0, cn605?S(i$5-C& £ S i 
F 4 *P*>iP$Ji**l£ 0 8 6. 8 7W. 112 

8. 29. 3 0(Dy'j3>|5](ifci^S i F/^6 
£0. S14 7, 4 8. 4 9HS i F**p6£C, MM 

3 3ttSiFr'r*5„ cftfecDMH**'** h;u 

<L £ CC S i F^j»?a3tiSC<biK-&0r 

[0 0 7 4 ] *»9J(OWW^ffiSai 
**«<DiEffl«-C» % f&EE ( 1 0- 3 HUfcOO i O" 10 

Officer *cD^>i6r. »m*taffiti. sjcs*® 
^>o coscKKB^eaitit x v ^ > ^t^<# -5 * - 

ti- r . R J£ f + > ^ <rt <D ^' x ^ - T- Pel CD t K ^ C c Jr. -> x ?S ^ 

[0075] fflftcciwrsssa 
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[0 0 7 6] Sl^O*JRE*««fl[<tftCCi«ttI-r-5<D 

■c, ±»<0fiEaHE"Ctt. tk«Wffit»»«iaa**!j2*-C 

Ctffl T £ ±82<D ffir tt . JS S «: T tf T J5l£tt £ ®8S 0 

3-r;u^7nLr4>^^ (ka«. m40)t-^5 io 
- tr tc <t s 36% flfiffl -r * a ^- »«t e> , 

£ fflEffl T & £ -C (?) Eh L^flBEH tc & a - "SJ 

fflltt t - £ 3^3 iOttt, U - If ~y > ^ 64); HI/* 
36, ifit/ifc-*. R«Jinl*&. *?-tr-A • k~*, -f 
* t'-A • fc- 4. 

[0 0 7 7 ] to io<oSS*bc*jBis*- Kra\ flfJEco 

^CC *&S tt fit <fc «3 iSc » ffiCC Hffif -5> tSbWfi $> & - SI 8 

c<t^7nort^ w c©»&. aiRSti/casfl-cBt* 

V y{tT> : £~0/»& fclll7 ?4b7>*X^ a<d±<e> 
BE* J: 0 iS I > EE* r . M« 3 ti /cfOD T > * x 7 *5 

fctt!B»#iBc 6 J: *> (cr £<> ®SH r > - t *$ J: U H 

Frm«{t^-f jR«:i»*"r*»'&©5 o'c&nuioo 

Wl»fflK#»SOt>»*fc*a. /ci^tt HEW* A: 30 

3 5 # Ctti,»L- 4 5'Ccfc 9ftt»£*. 17 vit7> 
■t-^A • -bJU^eojJKlrt^^-T-tt. ffi 
'^L/cgI5^CCOSr«5o 3K£UEttl 0- h^<fcOf&0^) 
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